ASYMMETRIC SEPTAL HYPERTROPHY (ASH)
is a myocardial disorder, transmitted as an autosomal dominant trait,1 that is characterized by disproportionate thickening of the ventricular septum with respect to the left ventricular free wall.2 A disorganized arrangement of hypertrophied cardiac muscle cells is the characteristic histologic feature of the ventricular septum in such patients,8-10 and presumably is a morphologic manifestation of the genetically transmitted defect.7 9 10 Previous reports have described findings consistent with disproportionate ventricular septal thickening in some patients with a variety of congenital heart malformations.'1-29 However, it is not known whether the disproportionate septal thickening in such patients is a manifestation of the disease spectrum of genetically determined ASH. To investigate this question, cardiac pathologic observations were made in eight patients with congenital heart malformations who also had disproportionate septal thickening. In addition, first degree relatives of six of these patients were studied by echocardiography to determine whether the disproportionate septal thickening was transmitted genetically.
Materials and Methods

Selection of Patients
The cardiac pathology files of the United Hospitals-Miller Division were reviewed and 16 hearts with "muscular subaortic stenosis" and associated congenital cardiac malformations were initially analyzed. Eight of these 16 specimens were selected for the present study by virtue of: 1) being in satisfactory condition for analysis and 2) meeting our anatomic criteria for disproportionate ventricular septal thickening,5 30 which will be discussed in detail below. The associated cardiac defects in these eight patients are summarized in table 1 and comprise three categories.
The first category consists of five patients (1-5) with single papillary muscle of the left ventricle and parachute deformity of the mitral valvular chordae. In patient 5 the parachute deformity of the mitral valve occurred as an isolated lesion. In patients 1-4 the parachute deformity of the mitral valve Circulation, Volume 52, November 1975 Abbreviations: AMB = anomalous muscle bundle; COA = coarctation of the aorta; DORV = double outlet right ventricle; IAA = complete interruption of aortic arch; LSVC = left superior vena cava; PDA = patent ductus arteriosus; PMV = parachute mitral valve (single papillary muscle of left ventricle with parachute deformity of the mitral valvular chordae); RV = right ventricle; SCA = single coronary artery (arising from above the posterior aortic sinus); SVRLA = supravalvular ring of the left atrium; VSD = ventricular septal defect (infracristal).
was associated with other congenital malformations of the heart. In patients 1 and 4 the association of parachute deformity of the mitral valve, supravalvular ring of the left atrium and coarctation of the aorta comprised a distinctive developmental complex commonly known as "Shone's syndrome. "19 The second category consists of two patients (6 and 7) with an infracristal ventricular septal defect located cephalad to the subaortic muscular thickening; one of these patients (6) also had an anomalous muscle bundle of the right ventricle.
The third category consists of one patient (8) with interruption of the aortic arch who also had a small ventricular septal defect and patent ductus arteriosus.
The eight patients ranged in age from 2 The hearts of two other patients (aged one month and six months) who had parachute deformity of the mitral valve but did not have disproportionate septal thickening were analyzed for comparison. One of these patients also had coarctation of the aorta, ventricular septal defect, and supravalvular ring of the left atrium; the other patient had an associated coarctation of the aorta. All tissue specimens were embedded in paraffin, sectioned at a thickness of 6,u and stained with hematoxylin and eosin. In each of the eight hearts the left ventricular free wall showed great variation in thickness. The posterior wall was usually thickest about one-half the distance between the mitral valve annulus and left ventricular apex. When the ratio of ventricular septal to maximum posterior (instead of posterobasal) left ventricular wall thickness was calculated, it was found to be less than 1.3 in patients 4 and 7. Anterolateral left ventricular wall thickness was equal to or greater than mid-posterior left ventricular wall thickness in each of the eight hearts and actually exceeded ventricular septal thickness in one heart (patient 4). Similar findings are present in some patients with genetically determined ASH,'0 30 an observation that has led us to the conclusion that ventricular septal thickness must be compared with posterobasal left ventricular wall Figure 1 Heart from a two-month-old infant (patient 5) uwth parachute deformity of the mitral valve. The ventricular septum (VS) is disproportionately hypertrophied with respect to the left ventricular free wall (LV).
thickness to ensure that the diagnosis of ASH is not inadvertently missed. 6 The vast majority of cardiac muscle cells from the anterolateral, mid-posterior and posterobasal regions of the left ventricular free wall were hypertrophied and normally arranged in each patient. In the left ventricular free wall of four of the patients (3-6) rare, small areas were observed in which bundles of cells were interlaced in a disorganized fashion among more normally arranged groups of cells or in which adjacent cells were arranged obliquely and perpendicularly to each other. Similar small areas of disorganized cardiac muscle cells were present in the left ventricular free wall of the two patients with congenital cardiac malformations not associated with disproportionate septal thickening; the arrangement of cardiac muscle cells in the ventricular septum of these two patients was normal.
Echocardiograms of Family Members
Echocardiograms from all first degree relatives studied (including those of patients 5 and 6, who had disorganized cardiac muscle cells in the ventricular septum) were normal; the thickness of the ventricular septum ranged from 6 to 13 mm and that of the posterobasal left ventricular free wall from 8 to 12 mm; septal-posterobasal wall thickness ratios ranged from 0.9 to 1. Of note is our finding that two patients in this study showed disorganization of cardiac muscle cells in the ventricular septum. These observations confirm our previous finding8' that this bizarre distortion of myocardial architecture, while characteristic of patients with genetically determined ASH, is also found in other conditions. For example, disorganized cardiac muscle cells similar to those present in patients with ASH have been found in crista supraventricularis muscle of some patients with congenital heart diseases associated with right ventricular outflow tract obstruction. 32' 33 The etiology of the disproportionate septal thickening in our patients is unclear. However, all eight patients had right ventricular hypertrophy (as evidenced by increased thickness of the right ventricular wall) and four patients (1, 3, 5 and 6) had marked right ventricular hypertension documented by cardiac catheterization. It has been shown that severe right ventricular hypertension may be associated with disproportionate septal thickening;34 this thickening presumably results from increased contribution of the right ventricular component of the septum to ventricular septal hypertrophy. Therefore, the disproportionate septal thickening in our patients may have been a manifestation of this phenomenon.
It should be emphasized that this conclusion is based on observations limited to patients with only a few types of congenital cardiac malformations. An association between muscular subaortic obstruction or disproportionate septal thickening and various other congenital cardiac malformations is uncommon, but has been described in patients with secundum type of atrial septal defect,21 23 ing may occur in association with several types of congenital heart malformations; 2) disproportionate septal thickening in these patients does not appear to be a manifestation of the disease spectrum of genetically determined ASH, as shown by echocardiographic study of first degree relatives; and 3) although disproportionate septal thickening and disorganization of cardiac muscle cells constitute characteristic findings of genetically transmitted ASH, they are not specific for this entity and may be present in other cardiac disorders.
